Long I s l a n d t h e Department of Energy has under construction a highenergy, proton-proton colliding beam r e s e a r c h f a c i l i t y c a l l e d ISABEILE. Located in the northwest corner of the e x i s t i n g Brookhaven s i t e (Fig. l ) , two r i n g s of magnets are contained within a common tunnel more than two miles in circumference.
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A t Brookhaven National Laboratory on
Long I s l a n d t h e Department of Energy has under construction a highenergy, proton-proton colliding beam r e s e a r c h f a c i l i t y c a l l e d ISABEILE. Located in the northwest corner of the e x i s t i n g Brookhaven s i t e (Fig. l ) , two r i n g s of magnets are contained within a common tunnel more than two miles in circumference.
These two rings of magnets c a r r y beams i n o p p o s i t e r o t a t i o n s , c r i s s c r o s s i n g a t s i x p o s itions around the periphery.
A t t h e s e l o c a t i o n s , headon c o l l i s i o n s o c c u r between the proton beams, leading t o center-of-mass energies up t o 800 GeV. This paper summarizes t h e g e n e r a l f e a t u r e s of the design and t h e s t a t u s of the p r o j e c t at t h e p r e s e n t time. It b r i n g s up t o d a t e t h e r e s u l t s r e p o r t e d a t the National Partic l e Accelerator Conference i n March 1977. The most s i g n i f i c a n t change s i n c e t h a t t i m e has been an upgrading of the energy of the o v e r a l l f a c i l i t y , and acceptance of the p r o j e c t by t h e Department of Energy.
',. 
S i t i n g of ISABELLE
The major project, highlights over the past two years are o u t l i n e d i n F i g .
2. Technical developments l e d t o a reconfiguration of t h e machine f o r s i x i n t e rsection regions where f u l l -s c a l e high-energy physics experiments w i l l be located.
The money saved by t h i s step, coupled with additional support, made i t p o s s i b l e t o raise the energy of t h e o v e r a l l machine, compared t o t h e 1976 design. Now i t is proposed that each beam have an energy between 30 GeV and 400 GeV, t h e r e f o r e providing center-of-mass energies from 60 t o 800 GeV. A proposal w a s prepared i n 1977 r e f l e c t i n g t h e h i g h e r energy machine which was favorably received by the highenergy physics community and r e c e i v e d t h e f i r s t p r i o r i t y recommendation a t t h e Woods Hole Panel meeting of June 1977. T h i s was f o l l o w e d s h o r t l y t h e r e a f t e r by t h e f i r s t
Congressional action on the p r o j e c t --bringing $5 m i ll i o n i n f i s c a l y e a r 1978. The President recommended i n January 1978 f u l l a u t h o r i z a t i o n and requested $23 m i ll i o n f o r the f i s c a l y e a r 1979. Congress i s c u r r e n t l y considering these recommendations. Encouraged by t h e support of the Department of Energy and Congress, the p r o j e c t has been organized into five divisions with Management Plans have been prepared in cooperation with t h e Department of Energy.
It is our expectation that w i t h t h i s work out of t h e way i t w i l l make i t p o s s i b l e f o r ground t o b e b r o k e n f o r t h e p r o j e c t i n October of t h i s y e a r . 
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Fig. 2. P r o j e c t h i g h l i g h t s i n t h e l a s t two years.
Figure 3 shows the arrangement of the ISABELLE r i n g w i t h r e s p e c t t o t h e AGS.
The AGS, a n e x i s t i n g 30 GeV proton accelerator, is r o u t i n e l y used f o r high-energy physics research.
It provides more than 1013 protons per pulse every two seconds for use in the North and East Experimental Areas. I t ' s f o r t u n a t e t h a t t h e AGS e x i s t s t o b e used as a n i n j e c t o r f o r t h e machine. I t i s a rel i a b l e a c c e l e r a t o r w i t h a capable staff familiar with i t s idiosyncracies. For ISABELLE, i t i s proposed t h a t a branch of the beam from the North Area be developed and the protons bent either t o t h e r i g h t f o r t h e c o u n t e rclockwise rotation of beam, o r t o , t h e l e f t f o r t h e c l o c kwise r o t a t i o n of beam. The s i x i n t e r s e c t i o n r e g i o n s and experimental areas are indicated by the clock face designations, 2, 4 , 6, 8, 10, and 12. Each of these areas i s being developed wlth somewhat d i f f e r e n t c h a r a c t e r i s t i c s i n o r d e r t o emphasize various experimental possibilities.
ove; 130 people assigned to the work a t the present time. I n p a r a l l e l with this, the appropriate supporting docu- The one that is currently under detailed design i s t h e 6 correction windings and beam p i p e i n a c o s i n e t h e t a d i st r i b u t i o n . The l o n g c o i l s are i n s e r t e d i n t o t h e i r o n that comprises the magnet c i r c u i t . The iron provides a r e s t r a i n i n g medium f o r t h e c o i l s d u r i n g o p e r a t i o n . The i r o n i s i n t u r n s u p p o r t e d w i t h i n t h e vacuum dewar with appropriate layers of superconducting insulation surrounding the magnet. F u l l s i z e u n i t s o f t h e s e m a g n e t s have been assembled and tested. Figure   6 shows such an array, called the Half-Cell.
Here two dipoles and a quadrupole were connected i n series, both cryogenically and e l e c t r i c a l l y , and pulsed repeatedly to over 40 kG.
In the distance the cryogenic heat exchanger can be visualized. This i s where t h e stream of helium gas i s c h i l l e d by a bath of subcooled liquid helium.
The magn e t s are i n t u r n c o o l e d by the subcooled supercritical helium gas.
By this time more than 15 full-sized ISA-BELLE magnets will have been constructed.
A snapshot of t h e p r e s e n t magnet s i t u a t i o n can be visualized in Fig a t v e r y l a r g e t r a n s v e r s e mentum t o t h e c o l l i d i n g beams.
A t 4 o'clock an undeveloped experimental area w i l l be b u i l t , one that can be completed when t h e f i r s t r e s e a r c h r e s u l t s i n d i c a t e t h e most p r o f i t a b l e areas of emphasis. Between these halls i s a service building containing the c e n t r a l r e f r i g e r a t o r , power s u p p l i e s f o r e n e r g i z i n g t h e superconducting magnets, and power s u p p l i e s f o r the r f system. In an attached building spanning the ring w i l l b e t h e c o n t r o l room and o f f i c e s f o r t h e p r o j e c t . D u r i n g t h e f i n a l c o n s t r u c t i o n and i n i t i a l o p e r a t i o n of t h e mac h i n e , t h i s will be a very active region. There w i l l be another undeveloped experimental area a t 12 o'clock, and t h r e e more completely constructed. This brings the t o t a l t o s i x .
The major features of ISABELLE that are important t o t a k e n o t e of i n a n o v e r a l l s u r v e y t a l k l i k e t h i s are i n d i c a t e d i n F i g .
.
The beam is e j e c t e d from t h e AGS a t 30 GeV, and s e v e r a l hundred pulses are used t o f i l l up each of the two ISABELLE rings. This high intensity l e a d s t o a luminosity of 1032 t o 1033/cm2/sec, dependi n g upon t h e mode of tuning. There are approximately 500 superconducting magnets i n each ring.
It's required t h a t the dipoles operate a t 50 kG i n magnetic field int e n s i t y t o p r o d u c e a beam corresponding to 400 GeV. I n o r d e r t o o p e r a t e t h e s e magnets a t the peak performance, a single large cryogenic system providing 20,000 watts of coolant a t 3.8 K, i s l o c a t e d i n t h e S e r v i c e B u i l d i n g area. Elements of that cryogenic system are c u r r e n t l y under design and w i l l represent one of t h e l a r g e s t s u c h systems ever constructed. Each r i n g must have a c e n t r a l beam pipe with an exceptionally l o w vacuum. This i s t o reduce the l o s s of c i r c u l a t i n g beam and provide long beam l i f e t i m e s . Vacua lower than 10-1 1 Torr have been achieved i n t h e l a b o r a t o r y , and we expect to have a l a r g e s c a l e s y s t e m i n o p e r a t i o n e a r l y n e x t y e a r r e p e a ting that performance. 
ISABELLE.
A c r o s s s e c t i o n i n d i c a t i n g magnets from t h e two r i n g s w i t h i n t h e t u n n e l is shown i n 
Attempts t o speed up the production process for magnets l e d t o a s e t b a c k i n peak field performance.
It appeared t h a t t o o many s h o r t c u t s were taken i n t h e c o i l assembly and support of the superconducting braid. Because of t h i s , l o w e r f i e l d s were r e a l i z e d f o r s e v e r a l months. That tendency has been reversed, and recent data coll e c t e d on magnet MK-IX has recovered the field capabilities t h a t were earlier realized. A l l of these magnets exceeded the design value of 40 kG t h a t was set f o r t h i s series of magnets. The f i r s t of t h e magnets prepared f o r 50 kG performance i s u n i t XIV, which is now being t e s t e d . Even here n o t a l l of the design changes have been incorporated i n t h e magnets t h a t w i l l be used i n t h e f u l l cell, b u t we are c l o s e r t o t h e f i n a l c o n f i g ur a t i o n . A t present, orders have been placed with Westinghouse f o r t h e f a b r i c a t i o n of 8 magnets i n the Full-Cell using material provided by Airco, MCA, and 
It was a l s o g r a t i f y i n g t o f i n d t h a t t h e magnet performance, as measured by t h e t r a n s f e r f u n c t i o n , was v e r y c l o s e t o t h e c a l c u l a t e d v a l u e (12.46 GjA). Such agreement seems t o b e no s m a l l m i r a c l e i n this business. Another aspect was t h e r e p r o d u c i b i l i t y of t h e magnetic f i e l d . I n quench a f t e r quench, i t was p o s s i b l e t o r e t u r n t o t h e same f i e l d t o a b o u t o n e p a r t i n 105, considerably better than needed in routine
ope r a t i o n of t h e machine. Currently, thorough magnetic f i e l d measurements are underway on u n i t s V I , I X , and XIV, and d e t a i l e d r e s u l t s are reported elsewhere in this conference. Another gratifying feature of the p r e s e n t work was t h e g r e a t l y improved cryogenic performance demonstrated i n MK-VI.
This magnet cooled down q u i t e r a p i d l y , and heat input the low temperature c o i l and i r o n was about 4 watts a t 4 K. This corres-
ponds exactly with what had been calculated and is well w i t h i n t h e d e s i g n c a p a b i l i t i e s of t h e r e f r i g e r at o r . The secondary load, that is t o s a y , t h e heat i n t e r c e p t e d at t h e s h i e l d o p e r a t i n g a t 50 K i s a l s o within the design tolerance.
There are a number of other development activities underway i n a s s o c i a t i o n w i t h ISABELLE.
Some of t h e s e are o u t l i n e d i n Fig. 8 
. The main o b j e c t i v e of the cryogenics program has been to get the reduction of the h e a t l o s s e s as mentioned earlier. This has made it p o s s i b l e f o r t h e magnets that have been developed s o f a r t o b e o p e r a t e d on t h e e x i s t i n g small capacity ref r i g e r a t o r s . T h e r e a r e two a d d i t i o n a l r e f r i g e r a t o r p r o j e c t s underway. One i s a u n i t b u i l t by C V I t h a t i s on loan to
the Laboratory. This refrigerator has recently been tested and provides 250 l i t e r s / h of l i q u i d helium. It w i l l be used to produce liquid for the production and testing of ISABELLE magnets and i s c a l l e d t h e PAT r e f r i g e r a t o r . Another u n i t h a s been designed by Cryogenic Consultants, Inc. and the Brookhaven s t a f f t o b e used for the forced flow cooling of ma-gnets, such as t h e s t r i n g of magnets f o r t h e F u l lcell. T h i s r e f r i g e r a t o r u s e s screw compressors i n t h e m u l t i p l e s t a g e s .
The f i n a l e x p a n s i o n s t e p s t o p r o d u c e liquid uses gas bearing turboexpanders manufactured by L'Air Liquide i n Europe. The r e f r i g e r a t o r s w i l l provide 120 watts as w e l l as 2.2 gjsec. Emphasis w i l l b e p l a c e d o n s t u d y i n g t h e r e l i a b i l i t y of operation of b o t h o f t h e s e l a r g e r e f r i g e r a t i o n units. Although not l i s t e d on t h i s s l i d e , a considerable amount of e f f o r t h a s gone into the developing of plans for the production of the ISABELLE magnets. The obj e c t i v e is t o have the subcomponents manufactured i n i n d u s t r y and assembled a t Brookhaven. I n this way i t i s expected that the necessary quality control can be exercised during the assembly and testing of the u n i t s . Other ISABELLE,activities concern the development of sophisticated detectors to be used in the experimental apparatus. This w i l l l e a d i n time t o t h e s p e c i f i c a t i o n and design of large detector arrays. These arrays w i l l undoubtedly be used in conjunction with superconducting magnets f o r momentum resolution of charged particles produced from t h e h i g h e n e r g y c o l l i s i o n s .
It's expected t h a t a t future meetings one w i l l b e a b l e t o t a l k a b o u t the design of the complicated magnets to be used in the experimental regions. R e t u r n i n g t o t h e d e s i g n o f t h e a c c e l e r a t o r i t s e l f , Fig. 9 i l l u s t r a t e s t h e way t h a t t h e d i p o l e s and quadrupoles are a r r a y e d i n a segment of t h e main r i n g . Each   Fig, 9 . Sextant layout.
sextant contains nine cells of magnets where a c e l l cont a i n s s i x b e n d i n g magnets and two quadrupoles. A s t h e array approaches an intersection region, the c e l l s t r u ct u r e g e t s m o d i f i e d i n such a way as t o b r i n g t h e beams i n t o c o l l i s i o n a t the center of the experimental hall.
To
t i e s a t t h e c o l l i s i o n p o i n t . T h i s d r a w i n g a l s o h e l p s t o i l l u s t r a t e t h e a p p r o x i m a t e s i z e
of an experimental hall. Shown here i s one t h a t might be used for a v e r y l a r g e d e t e c t o r .
It i s roughly 60 meters long, and 16 meters wide by 16 meters high. Within this space the experimental apparatus w i l l be constructed to be used f o r t h e s t u d y of t h e p a r t i c l e c o l l i s i o n s . An artist's concept of t h i s e x p e r i m e n t a l h a l l i s shown in Fig. 10 . Here t h e beams a r e shown e n t e r i n g from t h e l e f t and going into the center of a l a r g e d e t e c t o r . The d e t e c t o r is housed w i t h i n t h e e a r t h and concrete shielded bunker. During routine operation, none of the experimenters are l o c a t e d w i t h i n t h e b u i l d i n g , b u t are i n a u t i l i t y b u i l d i n g o u t s i d e t h e s h i e l d e d e x p e r i m e n t a l h a l l . The e n t i r e r e g i o n is serviced by a 40-ton trave l i n g c r a n e which w i l l a l l o w t h e d e t e c t o r t o b e t a k e n a p a r t i n a modular manner. T h i s i l l u s t r a t e s one of t h e four such experimental halls around the ring. Two others, as mentioned earlier, w i l l be incomplete and temporarily shielded using existing concrete blocks. The project staff prepared the current proposal late l a s t year. Subsequent to that and following the presentation of t h e P r e s i d e n t ' s b u d g e t f o r f i s c a l 1979, we were informed t h a t a seven-year construction period i s f o r e s e e n f o r t h e p r o j e c t , r a t h e r t h a n a f i v e as proposed by Brookhaven.
This required a reestimation of t h e o v e r a l l c o s t of t h e p r o j e c t , i n c l u d i n g approp r i a t e a l l o w a n c e s f o r e s c a l a t i o n and contingency. Figure 11 shows t h e r e s u l t s o f t h i s A p r i l c o s t a n a l ysis. I n s t o r a g e r i n g s t h e l a r g e s t p a r t of t h e c o s t i s a s s o c i a t e d w i t h t h e a c c e l e r a t o r components. About h a l f 4. I80
6.310 Fig. 11 . Cost summary.
of t h e c o s t o f
ISABELLE is i n those elements, of which the superconducting magnets and r e f r i g e r a t i o n s y s t e m dominate the expenditures.
The conventional construct i o n is less formidable because i t i s localized a t the s i x e x p e r i m e n t a l r e g i o n s and d o e s n o t r e q u i r e f u t u r e 645 growth such as i s associated with a f i x e d t a r g e t a c c e l e r at o r . The c o s t of t h e p r o j e c t is about $191 million with additional allowances for contingency and e s c a l a t i o n , b r i n g i n g t h e b o t t o m l i n e number t o $275 m i l l i o n o v e r t h e seven-year time span. Key e l e m e n t s i n t h a t time span are indicated on t h e time line (Fig. 12 ) developed for ISABELLE. Assuming t h a t p r o j e c t a u t h o r i z a t i o n comes i n a few weeks, t h a t is t o s a y n e a r t h e b e g i n n i n g o f f i s c a l year 1979, we w i l l expect to have the magnet f a c t o r y operational about a year later. The conventional cons t r u c t i o n w i l l move ahead, so t h a t a p l a c e e x i s t s t o b e g i n i n s t a l l i n g magnets s h o r t l y t h e r e a f t e r .
The conv e n t i o n a l c o n s t r u c t i o n w i l l b e c o m p l e t e i n f i s c a l y e a r 1983, j u s t a b o u t t h e time when we r e a c h t h e mid point of magnet production. Beam i n s t a l l a t i o n w i l l keep on going, concluding i n f i s c a l y e a r 1985, a f t e r which we will start beam i n j e c t i o n and c o l l i s i o n o f t h e c i r c ul a t i n g beams. W e a r e e a g e r l y l o o k i n g f o r ways t o speeding up t h i s s c h e d u l e , and if t h e a v a i l a b l e money can be augmented i n f i s c a l y e a r 1980 and 1981, we would expect to shorten the construction period correspondingly. In conclusion I would l i k e t o summarize some of t h e h i s t o r y of t h e p r o j e c t and what we are now d o i n g i n det a i l . As seen in Fig.  13 Fig. 13 . C u r r e n t s t a t u s and f u t u r e p l a n s .
-WW CMmm B W I A C I N OClOBm been prepared, the l a s t one a few months ago. The Department of Energy has provided construction planning and d e s i g n f u n d s f o r t h i s work, and Congress authorized $5 m i l l i o n i n f i s c a l y e a r 1978. W e are expecting $23 m i l l i o n i n f i s c a l y e a r
1979, t h e f i r s t y e a r t h a t sees a u t h o r i z a t i o n f o r u s t o p r o c e e d
with t h e p r o j e c t . W e a r e h i r i n g many p e o p l e f o r t h e p r o j e c t , many of whom are now involved i n t h e d e t a i l e d d e s i g n , later i n t h e production and i n s t a l l a t i o n of components. Our colleagues i n t h e AGS are p r e p a r i n g t h a t machine as an i n j e c t o r and helping to determine how t h e two i n j e c t i o n l i n e s m u s t b e b u i l t f o r bringing the beam t o ISABELLE. Meanw h i l e t h e p r o t o t y p e magnets are being perfected and plans made for the production. Contracts are now being l e t w i t h i n d u s t r y f o r c o i l f a b r i c a t i o n , vacuum v e s s e l s , instrumentation, etc., and we expect to have the pipe l i n e f i l l e d up i n t h e n e x t s i x months. An e x c i t i n g event w i l l t a k e p l a c e f o r u s n e x t month when w e expect t o b r e a k ground f o r t h e s t a r t o f c o n s t r u c t i o n of t h e machine. From then on we'll work v e r y a c t i v e l y t o achieve the high energy objectives for the accelerator shown on Fig. 14. Here we hope t o t a k e t h e jump of more than a f a c t o r of 10 i n a v a i l a b l e center-of-mass energy over the only existing proton storage ring, the I S R a t CERN. A l l of us on the s t a f f of ISABELLE are looking forward to doing physics research with this new f a c i l i t y i n t h e mid 1980's. Fig. 14. Energy step.
